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Predicting GFR in children and adults: A comparison of the
Cockcroft-Gault, Schwartz, and Modification of Diet in Renal
Disease formulas.
Background. A rapid prediction of glomerular filtration rate
(GFR) is often needed in clinics. Formulas based on plasma
creatinine level are being increasingly used, Schwartz for children,
supposed to give GFR; Cockcroft-Gault for adults, supposed
to indicate the creatinine clearance; and a recent formula intro-
duced by the Modification of Diet in Renal Disease (MDRD)
group. Our objective was to test whether one single formula
could suffice and which one gives the best estimation of GFR.
Methods. In 198 children (with two kidneys, single kidney,
or renal transplant) and 116 adults (single kidney and trans-
planted), we measured inulin clearance and creatinine clear-
ance and calculated Cockcroft-Gault, MDRD and, in children
only, Schwartz. Data were compared with analysis of variance
(ANOVA), regression statistics, and concordance studies.
Results. In patients over 12 years of age, Cockcroft-Gault
was almost similar to GFR corrected for body surface and creati-
nine clearance exceeded GFR by more than 20%; Schwartz
was above creatinine clearance excepted for transplanted chil-
dren. In younger children, no prediction approached GFR.
Predictions were well correlated with GFR, but concordance
studies showed Schwartz with dispersed results and GFR over-
estimated (20 mL/min/1.73 m2); Cockcroft-Gault was close to
GFR and results were dispersed; MDRD in children gave a
large overestimation and badly dispersed results; in trans-
planted adults its prediction was good.
Conclusion. Cockcroft-Gault prediction could be used for
children over 12 years of age and adults; it should not be
considered as creatinine clearance but as GFR corrected for
body surface, it is merely a prediction, 95% of the results are
between 40 mL/min/1.73 m2 in children and 30 mL/min/
1.72 m2 in adults. In younger children no formula is satisfying.
Key words: GFR, Cockcroft-Gault, Schwartz, MDRD, plasma creati-
nine.
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A rapid and accurate estimation of glomerular filtra-
tion rate (GFR) is often needed whatever the clinical
area (medicine, surgery, anesthesiology, etc.) and the
age of the patient, for diagnosis [1–4], epidemiologic
surveys [5, 6], research, and especially to establish ther-
apy requirements [7–10], in both children and adults,
particularly when beginning a therapy which could be
nephrotoxic, or when the drug used could become toxic
if its plasma half-life is increased by a low renal excretion.
Direct measurements are time-consuming and expen-
sive and frequently require a urine collection. Among
them, inulin clearance is considered to be the gold stan-
dard [1, 11]. It is, however, long, expensive, and con-
straining for the patient, especially for children [12–14].
Over the last few decades, other methods have been
suggested, the vast majority using the dosage of endoge-
nous creatinine with or without urine collection. At-
tempts to deduce GFR from plasma creatinine levels
have been numerous [5, 15–20].
Such an approach suffers from two considerable limi-
tations, which must be emphasized. First, estimation is
only an approximate calculation. This fact seems to have
been forgotten by clinicians who often believe a calcula-
tion to be the actual truth. Reasons for erroneous estima-
tions are numerous. For example, the plasma creatinine
level depends on diet, muscular mass, or even laboratory
problems such as drugs given or colorimetric interfer-
ences. Also, GFR could be falsely expressed by 1.73 m2
in patients with a body surface area (BSA) which is very
large (i.e., obesity) or very small (height below 2 standard
deviations). This explains in part why criticisms of meth-
ods of estimation are so numerous. Furthermore, estimat-
ing GFR is sometimes estimating a value, which cannot
be accurately measured. Difficulties in GFR measurements
are beyond the scope of this paper, but they do exist.
Second, prediction equations cannot be used for pa-
tients who are not in a steady state of creatinine balance.
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Obviously true for patients with acute renal failure, this
restriction is also evident for subjects in whom the well-
known relations of age and gender to muscle mass and
creatinine production are perturbed [6]. This includes
many large populations: older people with a very low
muscle mass [21], infants (because of growth and diet)
[16, 22, 23], and patients submitted to therapies interfer-
ing with creatinine secretion (e.g., cimetidine, trimetho-
prim, AIDS tritherapies, or chemotherapies) and/or dos-
age (diabetic ketoacidosis) [3, 24, 25].
Several formulas have been developed for GFR pre-
diction based on plasma creatinine level measurement
without urinary collection and two are now widely used.
The Cockcroft-Gault formula [26–28] is supposed to give
a good approximation of creatinine clearance, which is
widely used in clinical investigations, although it over-
estimates the GFR because the creatinine is both filtered
and secreted; it is mainly used in adults. The Schwartz
formula [29, 30] is considered to provide a clinically useful
estimate of GFR in children [31].
Both formulas are increasingly used, even though they
are often criticized [21, 22, 32–34]. Furthermore, pedia-
tricians tend to use almost exclusively the Schwartz for-
mula, whereas, for adults the Cockcroft-Gault formula
is employed.
More recently, the Modification of Diet in Renal Dis-
ease (MDRD) study suggested two multiple regression
models for predicting GFR from plasma creatinine con-
centration. One includes urinary urea excretion and an-
other, only slightly less precise, is derived from exclu-
sively demographic and serum biochemical values [35].
Several studies have reported satisfactory estimations of
GFR in adult populations [36]. We are not aware of
investigations in children.
We wondered whether different formulas were neces-
sary for children and for adults and whether they were
equivalent, or if one gives a better approximation than
the other one.
In our hospital unit, we have had the opportunity
to accurately measure the GFR (inulin clearance), the
creatinine clearance, and the urea excretion in a large
population of children. We calculated three formulas:
Cockcroft-Gault, Schwartz, and MDRD in order to de-
termine which one gives the best estimation. In addition,
adult patients with one kidney (either transplanted, con-
genital, or after uninephrectomy) were also considered.
METHODS
Between 1996 and 2001, 198 children aged 3 to 19 years
(mean, 13.2  0.36 years) were referred to the renal
laboratory for measurement of GFR (inulin clearance).
Indications included evaluation of chronic renal failure;
measure prior to chemotherapy or growth hormone ther-
apy; evaluation postnephrectomy (at least 5 years) for
cancer with or without irradiation; and after renal trans-
plant. Thus, the total population (C-All) included three
groups: (1) patients with a single kidney (C-SK) (N 30),
(2) transplanted (C-TR) (N 30), and (3) children with
two kidneys [nonsingle kidney nontransplanted (C-NSK-
NTR) (N  138). C-All were also considered in three
groups depending on age: (1)  8 years (C  8) (N 
20), (2) 8 to 12 years (C 8–12) (N  62), and (3) 12
years (C  12) (N  116) (Table 1).
In the same period of time, 116 adults (A-All) were
also investigated, 88 after renal transplantation (A-TR)
and 28 single kidney patients (A-SK), either congenital
or after surgery, including evaluation before and/or after
kidney donation.
Techniques
The day before GFR measurement a 24-hour urinary
collection was initiated, which ended the following morn-
ing when subjects arrived at the “exploration fonction-
nelle re´nale” unit of the Children’s Hospital after an over-
night fast. The height and body weight of the patient were
noted. An indwelling catheter was inserted intravenously
into one arm and blood taken. An oral water load was
given (8 mL/kg body weight) to initiate an appropriate
urine flow. The patient was then placed in the supine
position. A priming dose of inulin (Inutest; Fresenius
Pharma, Linz, Austria), 0.12 mL/kg body weight of a
25% solution was diluted in 130 mL isotonic mannitol
and infused intravenously (10 mL/min) into the other
arm. Then, a continuous infusion of Inutest 25% (0.32
mL/kg body weight) diluted in 250 mL of mannitol was
carried out at 0.9 mL/min. The dosages were reduced
by 30% for single kidney and transplanted children.
After an equilibration period of 90 minutes, the blad-
der was emptied and two timed urine collections were
obtained (approximately 30 minutes each). After each
voiding, effective bladder emptying was checked using
an ultrasonography device (SDR 1550 XP; Philips, Santa
Anna, CA, USA). Near the midpoint of each collection
period venous blood was obtained.
Analysis
Blood and urine samples were analyzed for creatinine
using a derivative of Jaffee’s method (Randox Reagent;
Bayer, Montpellier, France), coefficient of variation,
2.18, and for urea (BUN Reagent, Bayer), coefficient of
variation, 2.06, with an automatic device (Express Plus,
Bayer). For inulin, the fluids were deproteinated, then
the polymer was hydrolysed by hydrogen chloride and
a colorimetric assay based on the Galli and Jeanmaire
[37] technique was performed (coefficient of variation,
2.23). The first blood taken before any infusion was used
as a “blank.”
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Table 1. Number of children according to age (C  8 years, C 8–12 years, C  12 years) and gender (all, males, and females) in each group
Age C  8 C 8–12 C  12 All age
Gender All Male Female All Male Female All Male Female All Male Female
C-NSK-NTR 11a 8 3 54a 39 15 73a 43 30 138a 90a 48a
C-SK 5 3 2 5 5 0 20 7 13 30a 15 15
C-TR 4 4 0 3 3 0 23 15 8 30a 22 8
C-ALL 20a 15 5 62a 47a 15a 116a 65a 51a 198a 127a 71a
Abbreviations are: C-SK, single-kidney children; C-TR, transplanted children; C-NSK-NTR, nonsingle kidney-nontransplanted children; and C-ALL, all children.
a Indicates a group numerous enough and used for statistical studies.
Clearances
The usual formula for renal clearance was used for
inulin or creatinine:
C  UV/P
where U is the urinary concentration, P is the serum
concentration of inulin or creatinine, and V is the col-
lected volume of urine divided by the time (in minutes)
of collection.
Calculated values gave the noncorrected clearances
for inulin and for creatinine. The data were corrected
for a standard BSA of 1.73 m2 using the formula:
Height0.725 (cm)  body weight0.425 (kg)  0.007184
thus giving the corrected clearances for inulin and creati-
nine, respectively.
Predictions of the creatinine clearance (children and adults)
The Cockcroft-Gault formula developed to predict
creatinine clearance [26] was calculated in males:
Cockcroft-Gault
 (140  age) (body weight in kg)/72  Pcr
where Pcr is the serum creatinine concentration (mg/dL).
In females, a correction factor (0.85) was used.
We also used one of the equations developed from
the MDRD study. These equations include factors asso-
ciated with creatinine excretion such as age, gender, and
ethnicity. They differ in that one takes into account the
daily urea excretion, whereas the other eliminates uri-
nary collection but includes the serum albumin concen-
tration. Since, in our study, we were able to measure the
24-hour urea excretion but unfortunately we could not
obtain the serum albumin concentration, we used the
MDRD equation with demographic, serum, and urine
variables, which was noted to be the more precise in the
original MDRD study [35]:
GFR  198  Pcr0.858  Age0.167
 0.822 (if patient is female)
 1.178 (if patient is black)  SUN0.293  UUN0.249
where SUN is serum urea nitrogen concentration (mg/dL)
and UUN the urinary urea nitrogen excretion (g/day).
Prediction of the GFR (children)
We used the formula developed by Schwartz et al
[29, 30] to estimate GFR:
Schwartz  K  height (cm)/Pcr (mg/dL)
The K factor was 0.55 for children aged 2 to 12 years,
0.55 for girls 13 to 21 years, and 0.70 for boys 13 to
21 years [12, 29, 31]. The Schwartz prediction was not
calculated for adults.
Statistical analysis
All data were expressed as means  standard error
of the mean (SEM). For children, data were compared
between groups, genders, and age classes as indicated in
Table 1. For children and adults, a two-way analysis
of variance (ANOVA) was carried out and paired-wise
comparisons were performed using paired t tests. A P
value lower than 5% was considered significant.
Correlations between parameters were studied first
by regression statistics and the calculation of the linear
coefficient of regression, and second by a concordance
study using the methodology described by Altman and
Bland [38, 39]. Briefly, this method is a plotting of the
differences of the results given by the two considered
measurements or estimations of GFR for each individual
(Y axis) and the mean of these same values (X axis).
Such a graph, indicating clearly erroneous measurements
and the areas where these errors could be numerous, is
easily understandable.
RESULTS
Data and standard statistics
Demographic, anthropometric and biochemical data
for children (C-All, C-SK, C-TR, and C-NSK-NTR) and
adults (A-All, A-TR, and A-SK) are reported in Tables
2 and 3, respectively.
For children studied by groups, means and SEM for
measured clearances either corrected or not for BSA
and for Cockcroft-Gault, Schwartz, and MDRD param-
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Fig. 1. Values of glomerular filtration rate
(GFR) measured or estimated in the different
groups of children. (A ) All children (C-All),
all three groups (N  198 patients). (B ) Non-
single kidney nontransplanted (C-NSK-NTR)
(N  138). (C ) Single kidney (C-SK) (N 
30). (D ) Transplanted kidney (C-TR), trans-
planted (N 30). Abbreviations are: Cin, inu-
lin clearance corrected for body surface area
(BSA); Cinnc, noncorrected inulin clearance;
Ccr, creatinine clearance corrected for BSA;
Ccrnc, noncorrected creatinine clearance; Cck,
estimation with Cockcroft-Gault formula;
Sch, estimation with Schwartz formula; and
MDRD, estimation with the Modification of
Diet in Renal Disease group urinary formula.
See Methods section. *P vs. inulin clearance
0.05; **P vs. inulin clearance 0.02; ***P
vs. inulin clearance 0.01; *****P vs. inulin
clearance 0.0001 and less.
eters are plotted in Figure 1 (including all ages). Whatever
the group, there was no difference between the mean of
inulin clearances corrected for body surface and the
mean of Cockcroft-Gault values. The means of Schwartz
and MDRD predictions overestimated the mean of cor-
rected inulin clearances (true GFR) by 25% to 30%
depending on the group (see P values in Fig. 1). They
also were over the mean of creatinine clearances cor-
rected for BSA except for C-TR in which values were
quite similar for Cockcroft-Gault, MDRD, and creati-
nine clearance.
In children by gender, no significant difference was
noted in the two subgroups whose populations were high
enough for such a study (C 8–12 and C  12); however,
there was a trend in females for Cockcroft-Gault and
MDRD means to be closer to the inulin clearance mean
than in males.
For the study according to age, means and SEM are
plotted in Figure 2. Results differed notably from what
was seen in children (groups) in that all calculated pa-
rameters were significantly different from inulin clear-
ance. GFR was greatly overestimated by Schwartz and
MDRD in the three classes while underestimated by
Cockcroft-Gault in C 8–12 and mainly in C  8 classes.
A possible relationship between age and the calculated
parameter was sought in all children younger than 12
years (C  8  C 8–12) (N  82) by correlating inulin
clearance  Cockcroft-Gault and inulin clearance 
Schwartz to the age. The r value was –0.37 for the former
and 0.17 for the latter, thus Cockcroft-Gault was very
slightly influenced by age and Schwartz not at all.
Adult results are plotted in Figure 3. In the whole of
the A-All and in the A-TR groups, there was no signifi-
cant difference between the means of inulin clearances,
corrected or uncorrected, of the Cockcroft-Gault, and of
the MDRD parameters. Creatinine clearances, corrected
or not, overestimated the measured (inulin clearance
and noncorrected inulin clearance) and predicted (Cock-
croft-Gault and MDRD) GRF by at least 25% (see Fig. 3
for P value). However, in A-SK, MDRD underestimated
GFR significantly.
Correlation studies
Relationships between the true GFR (inulin clearance)
and calculated predictions were calculated and plotted
(Fig. 4A, left, for inulin clearance—Cockcroft-Gault, r
0.81; Fig. 4B, left, for inulin clearance—Schwartz, r 
0.87; Fig. 4C, left, for inulin clearance—MDRD, r  0.81)
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Fig. 2. Values of glomerular filtration rate
(GFR) measured or estimation in children ac-
cording to age groups. (A ) Younger than 8
years old (8) (N  20). (B ) Between 8 and
12 years old (8–12) (N  62). (C ) Older than
12 years (12) (N  116). Abbreviations are:
Cin, inulin clearance corrected for body sur-
face area (BSA); Cinnc, noncorrected inulin
clearance; Ccr, creatinine clearance corrected
for BSA; Ccrnc, noncorrected creatinine clear-
ance; Cck, estimation with Cockcroft-Gault
formula; Sch, estimation with Schwartz for-
mula; MDRD, estimation with the Modifica-
tion Diet in Renal Disease group urinary for-
mula. See Methods section. **P vs. inulin
clearance 0.02; ***P vs. inulin clearance
0.01; ****P vs. inulin clearance 0.001;
*****P vs. inulin clearance 0.0001 and less.
for the total population of children (N  198) and (Fig.
5A for inulin clearance—Cockcroft-Gault, r  0.67; Fig.
5B for inulin clearance—MDRD, r  0.75) for adults
(N  116).
Results not reported here demonstrated a similarly
good correlation between inulin clearance and Cock-
croft-Gault or Schwartz in each group of children and
also in the two groups of adults with the exception of
Schwartz, which was not calculated.
Concordance studies
The concordance studies, according to the Bland-Alt-
man method [39] appear in Figures 4 for children and 5
for adults. In Figure 4A, right, the mean of differences
between inulin clearance and Cockcroft-Gault values for
each individual was 3.3 mL/min/1.73 m2, whose dis-
cordances were above 60 mL/min/1.73 m2, and of these
cases, 10 presented a body weight in excess of two stan-
dard deviations for their age. In Figure 4B, right, the mean
of differences between inulin clearance and Schwartz for
each individual was 20 mL/min/1.73 m2 corresponding
to the overestimation of GFR by Schwartz (see Figs. 1
and 2). Seven discordances were above 80 mL/min/1.73
m2. In Figure 4C, right, the mean of differences between
inulin clearance and MDRD was21 due to the overesti-
mation by MDRD (see Figs. 1 and 2). The distribution of
95% of the population (between the upper and the lower
lines) shows that the majority of the values is on one side
of the 0 value, between 0 and 80 mL/min/1.73 m2.
Figure 5, right, shows results for adults. The means of
differences were close to 0, 3.3 and 1.8 mL/min/1.73 m2
for Cockcroft-Gault and MDRD, respectively. The 95%
of the population was more dispersed for Cockcroft-
Gault than for MDRD (31 mL/min/1.73 m2 vs.24 mL/
min/1.73 m2, respectively). The rare discordances were
seen for GFR higher than 65 mL/min/1.73 m2 for Cock-
croft-Gault and whatever its value for MDRD.
DISCUSSION
We compared the two widely used calculations for
predicting GFR (i.e., Cockcroft-Gault and Schwartz meth-
ods) with measurements of both inulin and creatinine
clearances in a large cohort of children and adults, includ-
ing patients with one or two kidneys. We also compared
these values with a new prediction formula proposed
from the MDRD study [35].
The Cockcroft-Gault formula [26] was designed to
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Fig. 3. Values of glomerular filtration rate
(GFR) measured or estimated in adults. (A )
A-All (single kidney  transplanted ) (SK
TR) (N  116 patients). (B ) A-single kidney
(SK) single kidney (N  28). (C ) A-trans-
planted (TR) (N 88). Abbreviations are: Cin:
inulin clearance corrected for body surface
area (BSA); Cinnc, noncorrected inulin clear-
ance; Ccr, creatinine clearance corrected for
BSA; Ccrnc, noncorrected creatinine clear-
ance; Cck, estimation with Cockcroft-Gault
formula; MDRD, estimation with the Modifi-
cation Diet in Renal Disease group urinary
formula. See Methods section. *P vs. inulin
clearance0.05; **P vs. inulin clearance0.02;
****P vs. inulin clearance 0.001; *****P vs.
inulin clearance 0.0001 and less.
predict creatinine clearance (uncorrected for BSA) and
the Schwartz formula [29] to estimate the GFR (corrected
for BSA). These goals were not observed in our study.
Cockcroft-Gault was very close to inulin clearance in
children (with the exception of the youngest); it was
always statistically different from creatinine clearance
(either creatinine clearance or noncorrected creatinine
clearance). Schwartz and MDRD were always statisti-
cally very different from GFR (either inulin clearance
or noncorrected inulin clearance), whereas they were
closer to creatinine clearance, but always exceeding it
except in transplanted patients. As Cockcroft-Gault is
the only parameter to include body weight it may be
asked whether differences measured in C-TR could be
due to a lower creatinine production in transplanted
patients not taken into account in Schwartz and MDRD
estimations.
Thus, in children considered according to clinical group
(C-SK, C-TR, and C-NSK-NTR), rather than age, Cock-
croft-Gault gives an accurate estimation of GFR cor-
rected for BSA (inulin clearance), while Schwartz and
MDRD lead to largely overestimated values (Fig. 1). It
should be noted that BSA’s influence on clearance val-
ues, while not very apparent in adults (Fig. 3), is very
important in children (Figs. 1 and 2). Therefore, a predic-
tion value for children would only be of interest if closer
to the GFR corrected for BSA (inulin clearance) than
to the uncorrected GFR (noncorrected inulin clearance)
[6, 11, 40–43].
In adults, when looking at the total population (A-SK
A-TR), both Cockcroft-Gault and MDRD give a value,
which is close to inulin clearance; however, in the A-SK
group, MDRD significantly underestimated GFR (Fig.
3). Schwartz cannot be calculated since no K factors have
been suggested in the literature.
In our study Cockcroft-Gault, Schwartz, and MDRD
were well correlated to inulin clearance (Figs. 4 and 5).
The coefficients of correlation were even better for Cock-
croft-Gault and MDRD in children than in adults. Cock-
croft-Gault, Schwartz, and MDRD equations and creati-
nine clearance formula include the plasma creatinine
value, which varies inversely from GFR. Thus, it is not
surprising to find, in the literature and in this work, a
good correlation between each of these parameters and
GFR. Such a relationship, while obvious, should not be
considered as proof of the validity of the method and
one should be careful when making conclusions by look-
ing only at the means of clinical groups.
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Fig. 5. Comparison between glomerular filtration rate (GFR) in mL/min measured in adults (A-All) (N  116) by inulin clearance corrected for
body surface area (BSA) and the estimated GFR using the Cockcroft-Gault formula (A ) and the Modification of Diet in Renal Disease (MDRD)
group urinary formula (B ). In each panel, the graph on the left represents the regression statistics. Inulin clearance is indicated on the Y-axis and
the estimated value (Cockcroft-Gault or MDRD) on the X-axis. The line represents the linear coefficient of regression r indicated in the graph
with the values of the 95% interval of confidence in parenthesis. The graph on the right is the concordance study using the Bland-Altman method.
X and Y are the values plotted on X- and Y-axis, respectively, in the linear regression graph on the left. The Y-axis is X—Y and the X-axis
(X  Y)/2. The center line represents the mean of the differences between the two values for each individual; it is close to 0 for Cockcroft-Gault
and MDRD. The upper and lower lines indicate the 95% distribution of the population.

Fig. 4. Comparison between glomerular filtration rate (GFR) in mL/min measured in children (C-All) (N  198) by inulin clearance corrected
for body surface area (BSA) and the estimated GFR using the Cockcroft-Gault formula (A ); the Schwartz formula (B ) and the Modification of
Diet in Renal Disease (MDRD) group urinary formula (C ). In each panel, the graph on the left represents the regression statistics. Inulin clearance
is indicated on the Y-axis and the estimated value (Cockcroft-Gault, Schwartz, or MDRD) on the X-axis. The line represents the linear coefficient
of regression r indicated in the graph with the values of the 95% interval of confidence in parenthesis. The graph on the right is the concordance
study using the Bland-Altman method. X and Y are the values plotted on X- and Y-axis, respectively, in the linear regression graph on the left.
The Y-axis is X—Y and the X-axis (X  Y)/2. The center line represents the mean of the differences between the two values for each individual;
it is close to 0 (2 mL/min/1.73 m2) for Cockcroft-Gault and different from 0 (20 mL/min/1.73 m2) for both Schwartz and MDRD. The upper
and lower lines indicate the 95% distribution of the population.
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Indeed, studying the prediction results according to
age reveals that none of the calculations was reliable.
For children over 12 years old, Cockcroft-Gault was the
closest to, however differing significantly from, GFR
(P 0.02, Fig. 2). For the 8- to 12-year-old group, Cock-
croft-Gault was still the closest prediction method but
with a very significant difference (P 0.01); it underesti-
mated largely inulin clearance in children younger than
8 years old. Whatever the age, Schwartz overestimated
GFR by a seemingly constant 20% to 25%. MDRD pre-
diction differed largely from GFR, this difference de-
creased with the increase of age to become unnoticeable
in adults (with the exception of single kidney patients).
The results of the concordance study between Cock-
croft-Gault, Schwartz, or MDRD and inulin clearance,
in children and in adults must be considered. The differ-
ences are obvious when looking at the means of differ-
ences of data.
For children, the Cockcroft-Gault mean of differences
differs almost imperceptibly from the inulin clearance
mean of differences, whereas the Schwartz and the
MDRD means of differences differ largely from the inu-
lin clearances mean of differences (Figs. 4B and 5B, right
panels). A total of 95% of the population is distributed
in a range of 45 mL/min/1.73 m2 for Cockcroft-Gault
(with twelve discordances),40 for Schwartz (with seven
discordances) and60 for MDRD (with eight discordan-
ces). Therefore, for the three methods, the results appear
largely dispersed, those for Schwartz being very slightly
less dispersed than for Cockcroft-Gault. The mean for
Cockcroft-Gault is close to inulin clearance, while the
Schwartz mean overestimates greatly the GFR. The
MDRD results feature a largely dispersed population
with a mean differing widely from GFR and discordan-
ces, which are all in the same overestimating range.
In adults, for both the Cockcroft-Gault and the MDRD
predictions, the means of the results are close to GFR;
the dispersion of 95% of the population is slightly wider
for Cockcroft-Gault (30 mL/min/1.73 m2) than for
MDRD (23 mL/min/1.73 m2) with six discordances for
either calculation. Therefore, the MDRD prediction, based
on the demographic, serum, and urinary variables, ap-
pears to be very slightly more precise than Cockcroft-
Gault calculation. However, the study by group showed
that MDRD results were significantly different from inu-
lin clearance in A-SK, but this was not observed for
Cockcroft-Gault.
Taken together, these results show that the Cockcroft-
Gault prediction is the least misleading for adults and
children above the age of 12 years old. The few cases
outside the 95% range of the population are seen above
the 60 mL/min/1.73 m2 range of GFR. Since these calcula-
tions are mostly needed to detect a decrease in GFR,
this observation is reassuring. However, one should be
cautious when attempting to assess renal function using
these equations, especially in patients with normal or
subnormal plasma creatinine levels [4, 6, 15, 21, 24, 33,
43, 44].
A question arises—is this approach valid? Predicting
GFR from plasma creatinine values supposes that several
conditions are satisfied. First, such a calculation is based
on the assumption that plasma creatinine varies almost
exclusively depending on renal excretion. Thus, the cre-
atinine production should be normal and constant (i.e.,
the subject should be in a steady-state with a correct
muscle mass). This excludes many patients, including
intensive care unit patients with metabolic disorders rap-
idly modifying the muscles, poor nutritional status, and
prepubertal children. Therefore, several correction fac-
tors should be determined according to the specific popu-
lation. Our study shows that including parameters such
as age, height, and plasma variables (creatinine, urea) is
not enough. We think the inclusion of body weight could
explain the better accuracy of Cockcroft-Gault in our
clinical groups. Again, this is not enough as many ob-
served discordances were seen in patients presenting an
excess body weight of more than two standard devia-
tions; thus, the correlation indicated by the formula does
not apply in these cases. Second, an altered excretion of
creatinine may not reflect variations in GFR exclusively.
The filtration clearance is the main body of the total
renal clearance but the secretion clearance might vary
considerably according to the status of the renal paren-
chyme. Physiologically, the secretion amounts to about
20% of the total excretion, which is why the creatinine
clearance exceeds GFR by 20%. This secretion could be
suppressed or increased, leading to changes in creatinine
excretion without GFR modification. An example is the
suppression of secretion by cimetidine, which was the
basis for several attempts to measure a creatinine clear-
ance close to GFR [45]. Third, of the myriad of studies
about the utility of estimating GFR from calculation,
most are based on comparisons of the means of clinical
groups and on correlations with GFR, which may be
either accurate or inaccurate as is the case with creatinine
clearance. In our study, the comparison of Cockcroft-
Gault and GFR showed no difference between the
means of the populations of children or adults; the corre-
lations were good in adults and almost excellent in chil-
dren. However, the study by age proved Cockcroft-Gault
unusable for children younger than 12 years old.
CONCLUSION
In children, the Schwartz and the MDRD (demo-
graphic, serum, and urine variables equation) predictions
were always different from GFR and creatinine clear-
ance whatever the clinical group or the age, they always
exceeded the true GFR (inulin clearance) by at least
25% to 30% with a large dispersion of the results.
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The Cockcroft-Gault predictions were apparently
good for the whole population of children. However, the
study according to age showed that Cockcroft-Gault is
acceptable for children aged 12 years and older but is
very different from inulin clearance in younger patients.
In adults, Cockcroft-Gault and MDRD predictions
were close to inulin clearance. MDRD results were very
slightly less dispersed than Cockcroft-Gault; however,
they were significantly different from GFR in the group
of single kidney patients.
Therefore, if physicians are ready to accept a GFR
approximated by 40 mL/min/1.73 m2 in children and
30 mL/min/1.73 m2 in adults, the Cockcroft-Gault for-
mula is the least misleading in adults and children older
than 12 years old.
For prepubertal and younger children, no formula
gives acceptable results. Whether in this population a cor-
rect estimation of GFR could be obtained from plasma
creatinine concentration is still to be determined.
It would certainly be profitable to try to identify exoge-
nous markers that are easy to use, that do not depend
on metabolism production, and that are excreted by fil-
tration only.
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